Introduction
The scientific commmfity has made great efforts to document and understand the interactions of mineral aerosols (dust) with the enviromnent. We cun'ently know that these are numerous and concern key phenomena such as Em•'s radiative budget [Legrand et al., 1992; Tegen and Fung, 1995] . Studies have covered a large domain fi'om the particles' chemical and optical properties to the dynamical processes responsible lbr their uptake and transport. }towever. there is still a lack of observations. which makes the quantification of these impacts tincertain.
Regarding the radiative impact of dust particles. an important lacking observation is tim vertical structure of dust clouds. •Ilm latter is transport dependent. Indeed, durhig the trans-port the vertical stmctm'e may be modified by mechanisms such as convective erosion of the dust layer and gravitational settling of particles. Prospero and Carlson [1972] We have been in charge of optical measurements performed in Thessaloniki (22.967'E. 40.52'N) and Observatoh'e de Haute Provence (OHP, 5øE. 44'N) with the Laboratory of Atmospheric Physics (LAP. Greece) and the Service d'A6ronomie (SA. France). respectively. Both sites were equipped withbackscatter lidat' systems, but in Thessaloniki a Sun photometer was also operated. Thus this site offered the possibility of using both instruments in synergy to get a more precise characterization of the dust cloud optical properties. Indeed,Thessaloniki is a rather polluted coastal city (the second biggest industrial and urban city in Greece). Tlms its aerosol background (i.e.. when no dust transport occurs) is character•ed by a large optical tlfickness and composed of small particles from the gas-to-pmlicle cotaversion (carbonates and sulphates aerosols) [Leon et al.. 1998 The backscatter lidar systems used in MEDUSE are based on a Neodymium: Yttrium/aluminium/gamet (Nd:Yag) laser source emitting at 532 ran. The emission is coaxial with the receiver system in order to have a complete overlap between the laser source and the telescope field of view at a range of several hundred meters: the first 600 m are not sounded for Thessaloniki. and the first 1.5 'km are not sounded tbrOHP. The arialogic acquisition mode was used with an associated vertical resolution of 15 m. The signal was then filtered out to enhance the signal-to-noise ratio using a binomial filter [Darchand and Marnet. 1983 ] which degraded the vertical resolution to-•70 m. Aerosol extinction profiles were retrieved usingKlett's [ 1981 ] algorithm. This procedure requires the knowledge of the aerosol backscattering phase lhnction as well as an upper boundary condition on the extinction coefficient. Chazette et al. [1995] have discussed the uncertainties associated with the retrieval of the extinction coefficient. They identified three mah• causes: (1) the determination of the boundary condition. (2) the a priori fixing of the aerosol backscattering phase thnction. and (3) the detection noise. We have set the boundary condition in the free troposphere where the aerosol•s contribution is thought to be negligible and used the 1ow-la'oposphere background aerosol extinction used in the computer code Lowtran 6 as a 
.The value of •s3• does not exceed 8% for eitherMay 8 or June 2,1997.
Synoptic Scale Observations (Meteosat)
Meteosat visible hnages are used to monitor dust plumes and to assess the intensity of dust outbreaks in tenns of optical thickness at 550 nm on a synoptic scale. .The presence of dust particles over the African continent can also be inti•rred from Meteosat infrared images. Indeed, because of its altitude the airborne dust radiates at a cooler temperature than the surface, inducing a characteristic temperature brightness contrast [Legrand et al., 1994 ]. Here we use this property to highlight the likely dust source regions with a procedure similar to that described earlier by Legrand et al. [ 1994] . Unfortunately, this method also highlights clouds. However, since their cooling effect is usually much stronger than that of dust particles, we are able to make a crude distinction between both dust particles and clouds by applying a simple tineshold on the pixel contrast In Table 1 The lidar-retrieved optical thickness is also given in Table 2 [ In sections 3.3.1-3.3.2 we discuss in parallel changes in the number of identified regions and the evolution of the vertical structure of these two events. Table 4 From Table 4 it is apparent that levels I and 4 are also likely to transport dust to OHP since the air masses originate from a dust-loaded area. ttowever. it is not possible to conllrm the presence of dust in these layers abovc OHP becmtse in the ih'st case the layer is below the detection limit of 1.5 km of thdidar system and in the second case the presence of clouds does not allow the retrieval of the dust particles properties above 5 km.
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Dust-Loaded Air Mass Origin
Case study of May 17, 1997 (OHP-2). In
It is striking that the evolution fi'om two very difli:rent likely sources to one unique source Ibr level 2 and 3 air masses between 0000 and 1200 lit is contmnporary with the evolution of the lidar-derived vertical structure from two layers to one single layer. This seems to reinforce the hypothesis of a relation between the number of different likely sources for the different air masses in the difl•rent levels and the number of dust layers. 3.3.2. Case study of May 8, 1997 (Ths-5). Hem is another illustration of the above described relation. In Table 5 we have reported the same inforotation as in Table 4 for Ths-5. As it appears in Table 5 Finally. fi'om Table 5 This means dust uptake is reported in the meteorological surface maps. 
Sun Photometer and Lidar Synergy
From the above described study we have seen that dustloaded air masses in the lower model layer (layer 1) (0.8+ 0.4 Ion) were likely to be advected above the measurement sites. It is indeed possible for that layer to be transported just above the marine boundary layer, whose top height is ---300-500 m, and to mix with the Thessaloniki PBL.
Respective Optical Thickness of Dust and Background
Particles
Here we propose a procedure that uses Sun photometer meastuements in order to apportion the respective contributions of large and small particles to the aerosol optical thickness. As dust particles are usually large and as Thessaloniki aerosol backgrotmd is composed of small particles (see section 3.1), this will enable us to find out the proportion of dust particles that lies in the PBL. respectively). Table 6 summarizes the results of the procedure applied to these days. It appears that a significant dust optical thickness is found in the PBL lbr Ths-5, while it is not the case for Ths-9. This seems to agree with the results of the back trajectory studies. Indeed. these have shown that for Ths-5. dust transport could take place in the air layer situated at 0.8+ 0.4 km. while it could not for Ths-9.
Conclusion
We have reported on the vertical sounding of several North African dust outbreaks over the Mediterranean basin performed in the framework of the European MEDUSE project. These soundings were perforated using two backscatter lidar systems operated at two stations (OHP. France. and Thessaloniki, Greece) in the westelT• and eastern part of the Mediterranean basin from spring 1996 to mid 1997. 'llle identifications and character•ations of these outbreaks were made using a synergy of lidar Sun photometer and satellite (Meteosat and TOMS) measurements.
Lidar soundings have revealed the multilayering of the dust transport above the Mediterranean basin. For each of the sounded events. several scattering stntctures were highlighted.
•ll•ese appeared to correspond to the layers in which dust pm•icles were trapped and transported from turbid regions in North Africa. Their height ranged between 2.5 and 5 Ion. Our study has shown that this multilayering was associated with the complexity of the wind field (due to frontal conditions) that activated different dust sources. Frontal conditions are characteristics of the Mediterranean dust transport, and thus we believe that Mediterranean transport will be, in general, multilayered. This is just the contrary of the tropical Atlantic transport that is known to occur under trade winds inside one well-defined layer: the Saharan air layer.
